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Sunday, March 6, 2011 115aenlargement and marked left ventricle diastolic dysfunction. The explanted
heart examined by electron microscopy revealed myofibrillar disarray and
mild fibrosis. Pedigree analysis established that this mutation arose de novo.
Functional studies were carried out in the fetal (cTnT1þ slow skeletal troponin
I (ssTnI)) and adult (cTnT3 and cardiac TnI (cTnI)) troponin (Tn) backgrounds.
The single and double cTnT mutants (cTnT3-DN100, cTnT3-DE101, cTnT3-
DN100/DE101, cTnT1-DN110, cTnT1-DE111 and cTnT1-DN110/DE111)
were generated and their functional effects analyzed in skinned cardiac muscle.
In the adult Tn enviroment, the single cTnT3-DN100 and cTnT3-DE101 muta-
tions in the presence of cTnI caused opposing changes on the Ca2þ sensitivity
of force development compared to WT with respective values of þ0.29 and
0.28 pCa units; yet the cTnT3-DN100/DE101 mutation shifted the Ca2þ sen-
sitivity to the left (þ 0.19 pCa units). In addition, cTnT3-DN100/DE101 de-
creased cooperativity of force development suggesting altered intra-filament
protein-protein interactions. In the fetal Tn eviroment, the single (cTnT1-
DN110) and double (cTnT1-DN110/DE111) deletion in the presence of ssTnI
did not show any change in the Ca2þ sensitivity compared to its control. In an
attempt to recreate the patient’s heterozygous genotype we performed a recon-
stituted ATPase activity assay. Thin filaments containing 50:50% of cTnT3-
DN100/DE101:cTnT3-WT also showed increased Ca2þ sensitivity of the
myofilament compared to the WT. This report reveals the protective role of
the Tn fetal isoforms since they rescue the increased Ca2þ sensitivity produced
by a cTnT-RCM mutation and may account for this mutation not being lethal
during gestation.
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Myofilament Tension-Cost in Guinea-Pig Single Cardiac Myofibrils
Peter N. Ayittey, Elizabeth Cruz, Pieter P. de Tombe.
We have developed a new apparatus that allows simultaneous measurement of
force activation/relaxation kinetics and ATP consumption rate in single isolated
guinea-pig cardiac myofibrils. Muscles were Ca2þ activated by rapid solution
switching as reported previously (AJP 292:R1129-1136,2007). During force
development (~10sec), the activating solution was supplemented with 0.5 mM
ribose labeled BODIPY ATP (1:10000 labeled ATP/unlabeled ATP ratio)
so as to label active cycling cross-bridges. Perfusion was rapidly switched to
activation solution without labeled ATP (<5ms). Muscle fluorescence
wasmeasured using confocal line scanning (473/538nm); force probe cantilever
position was determined by edge detection of transmitted light. The figure
shows recordings obtained in a preliminary experiment (left: slow time scale;
right: expanded for washout period). Under relaxing conditions, fluorescence
emission rapidly decayed, indicating rapid diffusional washout of labeled
ATP. In contrast, fluorescence decay was delayed in an exponential fashion in
contractions under maximal or sub-maximal contraction conditions. The rate
of fluorescent decay is proportional to cross-bridge detachment rate of the fluo-
rescently labeled myo-
sin heads and is an
index of myofilament
tension-cost. We plan
to use this new tech-
nique to determine
cross-bridge cycling
rates under steady state
and shortening condi-
tions in health and dis-
ease.
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The HCM-Associated Cardiac Troponin T Mutation K273N Accelerates
Tension Generation and Relaxation in Human Cardiac Myofibrils
Claudia Ferrara, Nicoletta Piroddi, Beatrice Scellini, Cecilia Ferrantini,
Sabine J. van Dijk, Cris dos Remedios, Chiara Tesi, Jolanda van, der Velden,
Corrado Poggesi.
In spite of extensive work on the functional sequelae of Hypertrophic Cardio-
Myopathy (HCM)-associated mutations in sarcomeric proteins, the mecha-
nisms by which the mutant proteins cause the disease have not been
definitely identified. Here we use the single myofibril technique (Tesi et al.,
Biophys. J., 2002, 83, 2142-2151) to compare the kinetics of contraction and
relaxation of myofibrils isolated from frozen left ventricular samples of one ho-
mozygous HCM patient carrying the cardiac Troponin T (cTnT) mutation
K273N (underwent heart transplantation) to those from ‘‘control’’ hearts.
Preparations, mounted in a force recording apparatus (15 C), were maximallyCa2þ-activated (pCa 4.5) and fully relaxed (pCa 9) by rapid (<10 ms) solution
switching. The rate constant of active tension generation following maximal
Ca2þ activation (kACT) was markedly faster in the myofibrils from the
K273N patient (1.7- 2 s1) compared to controls (0.7-1 s1). Replacement of
the mutant protein by exchange with wild-type recombinant human cTn re-
duced kACT of HCMmyofibrils close to control values (1 s
1). Force relaxation
kinetics upon Ca2þ removal were also faster in K273N myofibrils than in con-
trols, evidence that the apparent rate with which cross-bridges leave the force
generating states is accelerated in the HCM preparations. The results indicate
that the HCM-associated cTnT mutation K273N alters apparent cross-bridge
kinetics. This can lead to increased energy cost of tension generation that
may be central to the HCM disease process. Supported by the 7th Framework
Program of the European Union, ‘‘BIG-HEART’’ grant agreement 241577, &
Telethon-Italy GGP07133.
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The HCM-Associated Cardiac Troponin T Mutation K273N in a Human
Heart Sample Studied by in Vitro Motility Assay
Christopher Bayliss, Andrew Messer, Christobal Dos Remedios,
Jolanda Van der Velden, Steven Marston.
We isolated troponin from left ventricular muscle of a patient with a homozy-
gous K273N mutation in troponin T and compared it with troponin from donor
heart muscle using the quantitative in vitro motility assay. Motility of thin fil-
aments reconstituted with skeletal muscle actin, human tropomyosin and mu-
tant native troponin was indistinguishable from thin filaments containing
donor heart troponin (Sliding speed at 4mM Ca2þ, K273N/donor =
0.9850.09, n=9; Ca2þ- sensitivity, EC50 fraction filaments motile K273N/do-
nor = 0.9450.28, n=9).
This pattern of results was also observed with troponin from human HCMmus-
cle caused by mutations in myosin and MyBP-C and in this case it was ascribed
to a secondary modification of troponin not related to the mutation. To test for
this possibility with our K273N mutant sample, we exchanged recombinant
K273N TnT into troponin from a donor heart. In the non-HCM context the
K273N mutation caused a substantial increase in Ca2þ-sensitivity (EC50 frac-
tion filaments motile K273N/donor = 0.5450.17, n=5, p=0.004). We also ex-
changed recombinant K273N TnT into troponin from a patient with HCM due
to a mutation in MyBP-C.
We conclude that the K273N TnT mutation increases thin filament Ca2þ-sen-
sitivity, in common with other HCM-causing mutations, but in the heart muscle
of patients with HCM this effect is largely masked by secondary changes in tro-
ponin function due to post-translational modifications. We are investigating
whether troponin I phosphorylation is uncoupled from decreased Ca2þ-sensi-
tivity in this sample, since this dysfunction was observed in troponin from
HCM patients with MYH7 and MYBPC3 mutations.
Supported by Seventh Framework Program of the European Union ‘‘BIG-
HEART,’’ grant agreement 241577.
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Dynamics of Regulated Thin Filament Motility
Michael S. Carter.
The cooperative activation of regulated thin filaments (RTFs) is important for
efficient calcium handling in striated muscle. Although myosin binding to an
RTF has been proposed as a mechanism for cooperative activation, we have re-
cently shown that myosin binding constitutively rather than cooperatively acti-
vates RTFs; in other words the binding of a single myosin head fully activates
the regulatory unit of an RTF. The model predicts a well-defined relationship
between the calcium concentration at half-maximal activation (pCa50) and all
factor that influences actin-myosin attachment, katt, or detachment, kdet, kinet-
ics. To test this model, we use an in vitro motility assay to determine the effects
of altering katt and kdet on the calcium dependence of RTF sliding velocities, V.
The model accurately describes our observed changes in pCa50 when katt and
kdet are modulated with changes in [ATP] and [ADP], upon addition of inhib-
itors, and when myosin densities are varied. The model further predicts that
partially activated V result from the RTF switching between fully active and
inactive states rather than the RTF maintaining a partial level of activation.
To test this hypothesis, we are using an in vitro motility assay to measure
the dynamics of speckled fluorescent actin filaments with high spatial accuracy
and temporal resolution. Our model and data suggest that calcium sensitivity of
striated muscle is altered by changes in actin-myosin attachment and detach-
ment kinetics.
